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seasoned meat products
with low quality Korean beef rib
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SUMMARY

I . Title

Development of manufacturing technology of seasoned meat products with low quality

Korean beef rib

IT.Objectives and Rationales

1. objectives of the study
The objective of this study was to develop tenderizers from kiwi fruits.
to develop the quality of the low—grade seasoned Hanwoo ribs by natural

tenderizers and phosphates in South Korea.

2. Rationales of the study

Due to the lack of knowledge regarding natural tenderizers and phosphates
made it difficult for its application to the meat industry in South Korea, the
low—grade seasoned hanwoo ribs were found to be incompetent. Therefore, We
can develop the quality of the product by increasing the concentration of natural

tenderizers and phosphates.

I. The contents and scope of the study

The following methods like cold storage packing methods and its quality changes
were conducted until the time of purchase.
Microbiological properties, Sensory evaluation, and Chemical properties were

observed by Vacuum packing, gas packing, and air-born microorganism packing.



The reaction of garlic with Myoglobin to some physical properties particulary the
meat color has been studied to maintain Oxymyoglobin levels.

Tenderizers and phosphates which contain vegetable protease, an enzyme which
makes meat soft tender and juicy were mixed with the meat to determine the
low-grade hanwoo ribs’ tenderness and tastes.

The ultimate goal of this study to be able to know the side effects and the

perfect condition of the meat.

IV. Results and recommendation for application

1. Results

It has been maintained the same quality, while samples were stored at 4+1°C.
TBA value were showed the following results as 0.12+0.03 ~ 0.60+0.05 mg
malonaldehyde/kg by aerobic packaged, 0.23+0.02~2.69+0.14 mg malonaldehyde/kg
by MAP and 0.17+0.01 ~0.51£0.05 mg malonaldehyde/kg by vacuum packaged.
VBN value were showed the following results as 7.84+0~24.17+2.41 mg/100g by
aerobic packaged, 8.12+0.43~16.52+1.01mg/100g by MAP and 0.17+2.54~21.84+0.48
mg/100g by vacuum packaged. pH were showed the following results as
5.14~6.62 by aerobic packaged, 5.69~6.59 by MAP and 5.14~6.60 by vacuum
packaged. Aerobic packing’s L value brought 33.86+£0.97~37.87£4.08, a value
brought 15.14+5.55~22.22+4.76 and b value brought 6.77+£1.67~8.45%1.36
MAP L caused the value of 33.32£1.42~39.58+4.08, a caused the value of
592+0.16~15.26+0.60 and b caused the value of 5.80+0.58~9.13+0.74 Vacuum
packaged L caused the value of 33.27+2.34~40.67+1.83, a caused the value of
12.60£0.92~19.73+2.50 and b caused the value of 5.56+0.30 ~9.58+0.81
It didn't make much difference in amount of total bacteria. e—coli didn't exist at
all. psychrotrophic bacteria counts remained almost same. MFI value increased a
little. It ha been experimented to know that which ingredient was most effected

by salt, unrefined sugar, semi-refined sugar, refined sugar, black pepper, ground



garlic, mixed oil..

The study was carried out to determine their tenderness improving effect when
natural tenderizers such as kiwi and pear or phosphates were added to the
low—grade seasoned Hanwoo ribs.

To seasoned ribs, 0.196, 0.3% or 05% of kiwi powder was added and their
MFI(myofibrillar fragmentation index) values were 3414, 3683 and 4051,
respectively. As the amount of kiwi increased, MFI value increased(P<0.001).
Also, when 0.5%, 1.0% or 3.0% of pear powder was added to seasoned ribs, their
MFI values were increased as the amount of pear powder increased. It required
3% per kg for pear powder to have a concrete tenderizing effect on ribs. When
pear powder was added in excess of 3%, the tenderizing effect on ribs was high.
However, the volume of pear powder was too big to cover the whole area of the
rib, making it unpractical. Phosphates over 0.3% resulted in the tenderness
improving effect.

As the amount of kiwi and pear powder added increased, the water—holding
capacity(WHC) decreased(P<0.001). On the other hand, as the amount of
phosphates added increased, WHC increased. In the case of drip loss, as the
amount of kiwi and pear powder increased, it increased. However, it was
decreased as phosphates increased. As for meat color, L-value of pear treatment
group was similar to that of control and a-value was increased more in 0.1~
0.3% kiwi powder, 0.5~1.0% powder and 0.3~0.5% phosphates than control. But
meat color of seasoned ribs was changed by the presence of sugar and garlic in
the seasonings.

With sensory evaluation, kiwi 0.3% and phosphates 0.5%6 groups showed highest
values of juiciness(P<0.01), tenderness(P<0.001) and acceptability(P<0.001) among
treatments. Within pear groups 0.3% group gave the highest acceptability.

The results from this experiment suggested that kiwi and pear powder could
be used as a natural tenderizer to improve the tenderness of low-grade ribs
while phosphates could be used to improve the quality of the seasoned ribs.

The best condition was seen by that range in 0.5% and phosphate 0.2% after 72

,8,



hours. Especially, kiwi showed such a tenderizing effect even in small amount
that it would be used effectively to improve the tenderness of low-grade Hanwoo

ribs.

2. Recommendation

Manufacturing the natural tenderizers, phosphates and the seasoning can be
applied in fields in near future. These products are going to distribute to market
easily and utilization of kiwi can be improved. Manufacturing methods of the

natural tenderizers, phosphate and the seasoning were advantaged.
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F 12000d @ e AErh4d Fol (919 /kg)

sw|001d| 29 | 39 | 49 | 59 | 69 | 7€ | 84 | 9 |10¥ | 11¥ | 12¢
Bl +|12,614 1203812142 | 11,733 | 11,813 [ 11,573 | 12,031 | 12,288 | 12,403 | 12,746 | 12,485 | 12,229
Bl [11,812 (11,234 10,793 10,625| 10,839 | 10,527 | 11,048 | 11,287 | 11,495 11,910 | 11,550 | 11,510
B2 110,856 (10,004 | 93934 | 9,032 | 9633 | 9638 | 10,075 |10,466 | 10,642 {10,912 10,773 | 10,485
B3 | 9400 | 8635 | 7,924 | 7514 | 8078 | 8051 | 8362 | 8347 | 8930 | 9485 | 9,907 | 9,106
59| 6568 | 5476 | 43818 | 5185 | 6015 | 5240 | 4956 | 4,743 | 4,107 | 5318 | 5091 | 4,480
W3t 10487 | 9461 | 8873 | 8469 | 9,184 | 9,151 | 9401 | 9924 | 10,051 |10,643|10,563 [ 10,167

F 2. FaNed Fddrh2000d 7471%)

v = 4H(9) /kg) EF2H(D /ke) s
T CIF A 3 CIF A 3 S
7 ke
$ 9 7] $ 9 7] ©/Kkg
8 A& - - - - 540 6,210 | 2,660 | 8,840 | 11,500
C =4 4.08 4,692 | 1,997 |6,689| 2.45 2,818 | 1,216 | 4,030 | 11,500
HA| 317 3,646 | 1,561 [ 5,207 - - - - 19,000
Al - - - - - - - - -
A4 317 3,646 | 1,561 [5207] 2.30 2,645 | 1,144 | 3,789 | 11,500
ZH
. ({L] 4.93 5670 | 2,405 | 8075 2.70 3,105 | 1,335 | 4,440 | 12,500
]
S
= (3h) 1.61 1,852 813 | 2665| 1.17 1,346 603 | 1,949 -
gk
. 2.61 3,002 | 1,423 [4,425] 1.95 2,243 976 | 3,219 | 13,500
ARER 1.20 1,380 617 | 1,997 | 1.45 1,668 737 | 2,405 | 11,500
A 213 2450 | 1,062 | 3512 | 1.49 1,714 756 | 2,470 | 13,500

# B35 CIFx110x1,707, C/L(CIFx0.17), #Al 412%, S#TTa5(CIF+Eds
x1/100), 71EH(429/kg)

M ARS SAFEARA1Y 209) A3V
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A 7IH ARAHoR Fo H4Ee gAadth(Honikel, 1987). A& #etd Zdo|
RuE BEyd Z2AMRS 1934\ Childs$t Baldellizb 7R3 F=H(BE#) ' (press

2 1 % o] W2 Grau®t Hamm(1953)el <& Wy wd=d 1 &
sete] Wz Qlete] theFd By FAWHEC] MTHE A=, transmission(Hart,
1962), YA &2 (Buton et al., 1971), capillary volumeter method(Hofman, 1975),
permittivity test(Grant et al, 1978), NMR 3% (Lillford et al., 1980), imbibition
test(Monin et al., 1981), ©¥l & 234 o] &9 (Barton-Gade, 1984), o IA&+H
(Kauffman et al., 1986a), bag drip method(Honikel, 1987), tensiometer method(Kim
et al, 1994) “so] L3l ot}

A Apolell f1AIAZL & b S el AU AT FE SAST AR Thste
et e oF 40kg =(H)E o] €A (Grau & Hamm, 1953) 4% 7] (Wierbicki
& Deatherage, 1958) ®=*+ Instron(Lee & Patel, 1984)& o] &3t} f8 5o Y&

FRe AR FAE ZAAAY clBRA Y 2 B9l WAL At nirPe T

tH(Trout, 1988) v o]t e E38taL o] WHE WHAAGES SO &
FEAE AT F e BE4Y gt dA S A (Scheper, 1975; Kauffman et
1., 1986b) o] Z4ol o o] FTA 5SS o] &3ty] AT HrEAl 1)

A=, ARERE W 9, SAlFolA EAYE Bl A4k SA4EG
gE, F5E e ixE) 2 3 g3 TEe] HEF S (coupling efficiency) Ol
UTHKauffman et al, 1993). W& 714 SA& 7IA & A4 @4 Ease 4
F7Folvt =H S5 Ast(Blanchard & Mantle, 1996), fish sauce®] H4%*E &
of o] &%l o (Suh et al, 1996), Ti7FFEaEol o3k ZF AF Tl &&

T3 ot Kiwi fruit7} 7FA 2 Y& 9038 BEaases Ao r S5/ AdA



S 7R Qo (Phillips & Beuchat, 1980), o]ggt ©ujdo] zt= {9 7|5
e AFA FE&sA ol&F F Stk IS A g AEFHIMA
(generally recognized as safe, GRAS)Z ¢&i# $kow(Hamm, 1970), &3] v|= &
T AEARAT 7L SAFEA A 05%7HA Aakdel HIbE F &9 o] F
(USDA-FSIS, 1982), 14k el H7p7E Anw a8 2t o8 S259 7tesH

R A ol mA= Gl dF AFvr &R Agso] sk
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. A2k = (TBA)

ANze] ARAE AUAEE 2AE7] 98lA TBAE  Witte(1970)2] WS
o] &3Fo] TBA extraction method®Z A 3}$1th. Thiobarbituric acidE % 7}8}o]
bAoA 15A17F WHAAl A UV-VIS spectrometerZ ©]-&3lo] 530mol A &4 ==

o3 A71E @24 (VBN)

AlFel AT dulAe] AsAEE ZAbsy] Qs g dAVlE AA
Conway® (=8, 1975, 1991)< o]&3sted SAsAY. 7] A5 10gs 7T <F
30mle #H7}stx waring blendorol A ¢ 2~5%7F

2E ¥ Whatmann #1& ©o]&38le] ottt oY 1ml(5~25pge] NITHE
conway &Aoo ¥a Ae] 0.0INEAHH;BOs3) Iml¥ conway A 2H(0.066% methyl

Ll

red®} 0.066% brome cresol greensd 1:12 )& o 2~3%e Y1, 5437
Qe SYAds bt2a $48 ddsE g ¥ OF4S E2a dolA
A E A (KCOs 50gS 575

A Qo] Wi WHAANITG.QEVE FHoRE IHAA A LHo]

HOlEE @ F 37COIA 12087 BA Gk ulde] BAENE 002N Fag o

ot
i3
oX,
ng
N
=
i)
B~
0%
se
0%
~
—
(e
Y
=
bl
|

x100<100

pHE= EEHE pH " E(Benchtop pH/ISE meter 710A ORION, ©|=H)E o] 83}
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Chroma Meter(Model CR-210, Minolta Co., LTD., Japan)E A}&3sle] CIE
system® L" a" b" #S =A<}

g}, \| A&

AR AZF WAE A= APHA(1985)°]  Swab  method® 4 3ho]
o] &35tAtt A&l HEwWol| 10ar templateE w1 Wi S 0.1%
peptone=oll A F  JlE29 HZE 747 108 A2 v, 0.1% peptonesol o]

dAs  HER  IYFAY. FoFe Y A4S Aerobic  Count  Plate

d A

()

Petrifilm(Microbiology Products 3M Health Care, USA; AOAC, 1995)°] 1mlE
HEsel B5CAM 207 MFF T TA5E AFatsch

2) AT

E. coli Count Plate Petrifilm(Microbiology Products 3M Health Care, USA)&
o] -&3te] 35Tl 2¢1t wigst = 7|27 2 E AE AlgsAh

=
o%
oX,
4
&
1o,
Ay
o
rlo
of
4
&
fo
= o

Agk WHo = APHA(1985)9 Swab method&
FA sl o] &t TE 252 wWHd 10are] templates Wil FitAlZl WES 0.1%
peptoneZ=oll ZAl T 7t Mz 247 103 EAE v, 0.1% peptoneFel o]
dds HE&ER M. WA TTFE A HS Aerobic Count Plate
Petrifilm(Microbiology Products 3M Health Care, USA; AOAC, 1995)°] 1ImlE
HEsto] 25ColA 2¢7F wikst & FeteE Ashath



714w SALS T w49 PP esE APHAN985)°] Swab methodE
FAste] ol gttt A &e ®iol 10ere templateE Wil Fir A2 WES 0.1%
peptones=oll A2 & 7tz M2 Zb7F 103 A2 v, 0.1% peptoneoll o]
dAgt wEgR AT JAVIETETE FA A4S Aerobic Count  Plate
Petrifilm(Microbiology Products 3M Health Care, USA; AOAC, 1995)°] 1mlE
A& 3kl anaerobic jarol| Yil 49} o]ibstetAvl WA E = generator(Gas Pak
Plus. BBL Company, USA)E c°]&3to] uFol EAs= Ad4asE AAT F

3BT 283 MFe F ety AFsa
Ab. MFI

Azl AFAF MFIZA-S Hopkins $(200009] W& o] &3t 0.5g muscle
sample 30ml buffer(0.1IM KClI, 1mM EDTA[disodium], 1mM sodium
azide[NaNs], 25mM potassium phosphate[pH 7.0, 4-5C, 7"mM KHPO, 18mM
KoHPOJJE 231 15000rpmell Al 30 e § 30% 3 oAl 30 &<
#AIGOCT F%). Imme mesh strainerE ©]&3te] AAZAS A A (10ml2
buffer® washing)atiL 1,000go1 4 1087 2ColA A REA T FF S A A
% 10ml bufferg FH7lste] 2 ES5olFth o|AA S 33 wHEgth Bio Rad DC
Assay kitE o]§3le] @A Fx Z43te] 05mg/mle FEE samples 3] A
& 540nmol A UV-VIS spectrometer®Z T3 L& A3 3 =Ax] 150& ¥3+

MFT 43kt

E7 BALS SAS(1995) programe 3] 24223 Duncan$ Multiple range

test® @7 Ao olE BAFIL}.
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Aae] 2= Wskes 19AFE B8UAAA Abs 71 Eelen, A% A7) Est

A 22 441 T2 FAHAY. 2gbA AG77F FoF 2=zt o FA W)

TBAE= AW A3l BAxE FAHste oz AW Astel oA 7=
malonaldehyde®} thiobarbituric acid7} ®¥F-&-3le] A= EFAE TFFE=AE
&sto] SAskE ol

2 Ade A% F TBAZF: E7]1X2%R0 A9 4% 012003 ~ 0.60+0.05 mg
malonaldehyde/kg, 7F2=E74< Bol 39 0.23+0.02~2.69+0.14 mg malonaldehyde/kg,

EFQL Co H$ 017+0.01~051£0.05 mg malonaldehyde/kg®] TBAZ}E
etileon, ®E sampled AF7|F F TBAZFE & #59x(P<0.001)E
ekl A 71708 7ZF smaple®] TBAZF:= 192kl 4 $-owt A, C9 B9
ol 27 YGERSTHP<0.05). 492 ~28U el = B A, C2F BellAl P<0.0019] =&

oJxHE HAAUYh Fig. 1lollA Heupel o], B TBAZFSE A, Co TBAZ:=

o
o
A5 Aol wolm glrk
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TBA value
(mg malonaldehyde/kg)
o
=
B
H

Figure 1. Effects of packaging methods on TBARS of beef ribs with
spices during storage(A: Aerobic packaged, B: MAP, C:

Vacuum packaged).

A Toll Ssdudoe] opwmAbak I 9o ofe] ZpA FUlE] dAAaw a7t
Hed ol wWAEY JhgEiae] wE ofm w4k JlEe] =] FThel oA
by A" AT F7bsk) o] ¥rk o}yl adenosyl monophosphate(AMP)<]
ool we gxyole]l A nucleotide?] F7bel oM E <GS W=t}

2 AR A% F VBN7R= A9l A§ 7.84+0~24.17+2.41 mg/100g, Be] 7§
8.12+0.43~16.52+1.01mg/100g, C2] 7% 10.17£2.54~21.84+0.48 mg/100ge] VBN7}&
eldglen, BE sample?] AF7IF F VBN7F= =2 49 2HP<0.001)E
UERERAT A 71z ZF smaple®]  VBN7EeE 19Akek 49k, 1193k9}
219zl = sample® 927 floew, 7dxtol= CoF A, B7F P<0.001¢]
FAAE B, 14939k 28Ul = A, C7F Beh 7H7F P<0.001, P<0.01 43¢
Foxs Btk TE 18Ukt 25U Aol Z4Zbe] sampleol A P<0.001 FE9]
=2 FoxE B Fig. 25 A7 ZF sample?] VBN7FE 2= 2 o

Zoltt.
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Figure 2. Effects of packaging method on VBN value of beef ribs with spices
during storage(A: Aerobic packaging, B: MAP, C: Vacuum
package).

Z}. pH

Figure 32 ¥ A3go HAF 7z} sample? pHE X2 el Foltl A%

712k% A, B, Co pH+= Z+2F 514~6.62, 569~6.59, 514~6.602. 2 YEY Tt Fig.

lo

3614 i wieh gol AAHow 7 samples] pHE AZ7I7ho] Ayte] uwe
MNAE) molythh vl WA B 4 glem, 53 BE 18ARNE B8ARAA

A, CRT P<0.001 =9 +olak= pH7F =2 +4 = At
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B Age A% % 7 sample®] §4& Table 19149 2ol e Ael
A% L7k, agk, bgkol 22 33.86+0.97~37.87+4.08, 15.14+5.55~22.22+4.76, 6.77+1.6
7-845+1.36< LFEFRE, A9 L, agt, bat BF AR/ Bk fol7 glo] 2w

stE Holx eFstth. B Lk, a®h, bata Zh7) 33.32£1.42~39.58+4.08, 5.92+0.16~

15.26+0.60, 5.80+0.58~9.13+0.745 tebH =], Lgte]l A-5-ol= #4712 st #9
A7k 9Rew, aghe AR F P<O00L £ FoAE e ANE 1 %

1 4 7 il 14 18 21 25 28
storage days

HA BB BC

Figure 3. Effects of packaging method on pH value of beef ribs with spices
during storage(A: Aerobic packaging, B: MAP, C: Vacuum
package).
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Table 1. Effects of packaging method on meat colour(L”, a’, b") of beef ribs with

spices during storage(A: Aerobic packaging, B: MAP, C: Vacuum package).

day
1 4 7 11 14 18 21 25 28
sample

L 37.87 34.97 36.09 33.86 35.92 36.23 36.59 36.71 33.88
+4.08 +0.81 +1.88 | +0.97 +3.88 +2.53 +1.72 +£1.35 +2.76

A a 16.40 20.83 19.21 22.22 19.31 15.14 19.44 1897 17.73
£1.57 +1.11 +0.77 | +4.76 +1.65 +5.55 +3.21 £0.71 +2.02

b 6.77+ 797+ 8.45+ 6.36+ 7.93+ 7.90+ 8.07+ INUE: 7.02
1.67 0.75 1.36 0.81 0.68 1.71 0.84 0.29 +1.40

L 35.00 35.96 36.80 39.09 33.32 37.68 35.67 39.58 37.21

+2.99 284 [ £1.39 | £291 +1.42 +2.79 +1.83 +4.08 +1.66

o | 13417 | 1526% | 10.31" | 836™ | 7.60° | 853" | 5.92° 7.09° 6.18°
B @ +1.87 | 060 | +1.69 | 263 | 029 | £160 | 016 | +1.25 | +0.20

be ab
660 | 755 | 69 | B3 5e00 | gaste | oo™ | 836" | 913
071 | 2053 | Loo3 | so75 | 058 | 056 | 1097 | 179 | 074

3420 | 37.21™ | 33.27¢ | 40.67" | 34.76° | 35.87° | 30.94" | 3582 | 3561
+228 | +1.15 | +234 | +1.83 | 190 | 068 | +228 | +0.86 | +1.33

12.60° | 19.73* | 16.03° | 19.12* | 19.40° | 1749 | 1885 | 1822 | 17.36
+092 | +250 | +1.84 | *0.86 | +161 | 085 | +1.34 | +1.02 | +0.05

556° | 873 [ 6.00° | 958 | 7.92™ | 765 | 920" | 7.11% | 7.02%
+030 | +097 | +1.58 | *0.81 | +0.72 | 043 | 031 | +057 | +0.80

abcdeNleans+SE in the same row with different superscript are significantly different.
' P<0.01 ;5 ? P<0.001

b

AA717+8 7 sample®] L3k, agk, bate vluolA =, Lk bate] H % sampled
kol & B gl sample A, C9F sample Bo] agtel= Ee A

21 2HP<0.05~P<0.001) S ERH AT}

oN

]—7] 7+ Zo

LA REs

2 AFe] AATIFE 7 sample® T WSk Figure 40419k o]
Uelsth. A, B, Co 1¥9a Fi#54e 77 385013 logio«CFU/cr, 3.91+0.14
log1oCFU/cm, 3.86%0.17 logio)CFU/cr2 W] 523t S Yeld o, 28U Aol A =
A, B, C9 &#FE 2+7F 65020.17 logioCFU/crf, 6.11+£0.23 logioCFU/cr, 6.40+0.22

—_

2)
logiCFU/en A W23 Fxoz vyt &R Figure 404 ®Xo]
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11YAF, 1494, 18YAdlA = Bel A% Fo77F 727 4.10+0.17, 4.91+0.40,
5.03+0.22 logio«CFU/cr® A, C¢ #& 7|7tRYg #9993 2o](P<0.01)E HolH

g o Ao Fo FE5E Rk

log10CFU/cm?
~

2 L
1 F
0
1 4 7 11 14 18 21 25 28
days
—2a—A ---B---B —Q—C

Figure 4. Effects of packaging method on total bacteria counts of beef ribs
with spices during storage(A: Aerobic packaging, B: MAP, C:

Vacuum package).
2) e W)

2 Addgel AF 717y T Z+ sampled] U
velstth A, B, Co 1¥xe] o #4E 47 1.29+0.20log10CFU/
1.23+0.11log10CFU/ct, 1.14+0.12log1oCFU/ci 2 <23 =35 Yehyiglen, 493}
1L}, 4Ll = o545 P<0.05E, 2592k, 28U Aol =
A, CRT Ao g3 #+55 B 3oHFig. 5).

ol F P<0.001= B7}t

Ho
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Figure 5. Effects of packaging method on coliform bacteria counts of beef ribs
with spices during storage(A: Aerobic packaging, B: MAP, C:

Vacuum package).

% 7} sampled WA+ Fig. 691 YERAACE A, B,
Ce 1¥9zxtel WA TFEE 77 4.35+0.06logiCFU/crr,  4.48+0.27log10CFU/crt,
4.32+0.11 log1oCFU/ar® W23k 38 Yoy, 2843t % 2} sample?]
WdddssE v FEs e, 119A, 1493, 18U Al =
P<0.05~0.01F%9 f9]* Holw Byt A, CERU A2 Fo WIAHAETE
Hnyow 21dxtdlE Fo¢E P<0001S Heolw Byl A, CHU ¢ B

Wy dvrs Bl

ﬁd
i
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log10CFU/cm2

1 4 7 " 14 18 21 25 28

[ —=— B B —0—C

Figure 6. Effects of packaging method on psychrotrophic bacteria
counts of beef ribs with spices during storage(A:

Aerobic packaging, B: MAP, C: Vacuum package).

log10CFU/cm?
N

1 4 7 11 14 18 21 25 28
days

Figure 7. Effects of packaging method on anaerobic bacteria
counts of vacuum packaged beef ribs with spices

during storage.
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=4S

oA AR F drATFSY WAzt
stew, 1 A= Fig. 79 YeERNATE 19kl 4.31+0.13log10CFU/an &

ER 1AL, 258 XFol] 7.11+0.04log10CFU/err 2 71+ 22 F 7143571 =4 =

st

o

A}, MFI(Myofibrillar Fragmentation Index)

Boage] AFA7F F 72 sample®] MFIgr =4 AdE Fig. 89 #rth
AA) A o2 sample® MFIZHS & xo]E Holx o} #% 18U xfo]Fo] Brl A,
Coll W3] MFIgtel dAsA oA AL B £ ddvh. 53], 25939

289zt = =& FoA(P<0.001)E Kol B MFIgte] @A =A% At

450

400

350

300 1

250

MFI

200

180

100

50

Figure 8. Effects of packaging method on MFI value of beef ribs with
spices during storage(A: Aerobic packaging, B: MAP, C: Vacuum
package).
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A2 A Fddedn e 78R T 4 72 Ve AT

AzrZ AVEH vhE(Allium sativum)S 735 Ao A AME Aoz gE Fuu}

A Fdste] ARt mlE 15gE A AME & BHste] -70C  deep

Darmstadt, Germany) 30ml¥} &< (Millipore S.A., Molsheim, France) 30mlE 7}
Zh H7bete] Aol A 24x3bs et IEFE3 § 6000g, 4ToA 1083 A&
T Ab=dS filter paper(Whatman No. 1, Whatman International Ltd, Maidstone,
England) & ©]-&3lo] o3&t} Ethanols °]&3le] F&3 AL vles ethanol F
=M (GE)olet dtal, S/FTE ol&dtd F=3 AS vts TFF FEAGEILE

sharh
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a7IA &S] S22 Chroma Meter(Model CR-310, Minolta Co., LTD., Japan)&
o] g3ttt F¥o = CIE lNuminant CE AF&3ste L', a, b'#ts SAHsIATH S4
o] 2AYE 93 {9 FHAAL 52cmo|% L, Minolta calibration plate(Y=94.3,

=0.3131, y=0.3194)= A}-&3}o] calibration 3}t AMAAE)E tS 2] [1]& o] &3}

AE = V L**+ 4"+ p*? [1]
=45 3’9 b'E o] 8§39 hue angle(Francis and Clydesdale, 1975)3 chroma

value(Hunter and Harold, 1987)< 77} th 2] [2]2} [3]e] <&l A 4t&E3tS o).

Hue angle = tan Y( jé) [2]
Chroma value = V &>+ b° [3]

L}, Spectrum of myoglobin

Sigma® 5§ 213l myoglobin® metmyoglobin ArEjo] 7] wjEe] o] 7]d
NaxS:045 3 718e] reduced myoglobing @A A7 3 uls &2 FZN(GE.)H

s SRS FENGENS 47 WAk AEE A o WA shelet)

9a &ALstAl = ascorbic acidE H7MetQa, mbEFE Ao m g FEHo o3t
AbslEzI1A] Blsty] flete FEH AYClHEZE EDTAES H7bsksich 7zt

3tE4dS HA7EgE & A7k wavelength scang UV/VIS  Spectrophotometer
(UVICON 942, Kotron Instrument, Italy)2 ©]&3lo] 438ttt Scan 7H4 S

Inm$% 2 scan 4%+ 200nm/min, scan ¥+ 200 - 800 nme] Lt
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t}. Metmyoglobin #4]

A 7oA myoglobing FE37] Ys Kannan $(2001)¢] WHS o] &35t
Al& bHgoll 25m¢ 0.04M phosphate buffer(pH 6.8, 0C)S ¥ T &AsI(20%)
ATAA 1A1ZE A g & 5000rpmel Al 303 A4l 2](4C)&th. Whatman No. 1
3 5 UV/VIS Spectrophotometer(Z ©]&3}o] 525 572, 700nm

2 2 ©]&3te] metmyoglobin &S AbE3HTh

. (Agy — Ag)
% Met lobin = 1. — 1
% Metmyoglobin [1.395 O e—— 1x100

9. AN S5 fe) Wopel o@ nhe] WA WA E3

p
rr
ok
L
rlo

TFALE 05%, 1%E A xste] AFE3FT FA4te] mlEs HX
=S Smm plateE 323 grinderE o] &3] FEH3 F
TAA g AHAT AIZHG, 10, 20E)Fer A AT 5ol 9 gk

FOl 10%9] S5FHE Wrhsel F EFshel A

Ll
e
ol
2
o,
°
2
BN
ot

2
o
rlo

=)
e
of{

uh EA 24

A B4 SAS(1995) programe §3| #AHEA I Duncan® Multiple range

test® @7+ Ao ZolE BAFIL).

P gl Amel AAHE AT, AHE, F WAD), FF obE, B8

SulfrEol A o= gRol 7 KA JFS Wol MAE S opur] A



AE RSt Ax Al

1

= ouls, GE AVED Sua]), HE RE A8E &335te] 2o Hrbstdr.

Table 2. Changes of CIE L* values of beef rib treated with various ingredients’

\’I‘iﬁq:\ 0h

Control™ #45.24+0.49 B4254+055™ ©43.14+0.79™ “84385+0.49°> 2P43.85+0.61™ #45.22+0.47

1h™ 4 h" 6 h" 15 h" 24 h*"

*

B4210+0.75™ $43.34+1.17% 2B45.34+1.42% AB4555+1.04 247.37+1.19°

B40.98+0.57° B42.17+0.64° *P42.73+0.70° 244.49+0.71° #44.34+0.77°

42.33+0.83™

B41.31+0.68™
42.39+0.39"™
44.93+1.05"

45.29+0.80"

43.75+0.34™™
A43.32+0.71%
43.24+0.58™
45.41+1.06™

45.94+0.88"

43.83+0.47™  43.98+0.61™

ABA9 99+0.76™ 444.70+0.70°>

42.77+0.31°
45.61+0.88"

45.65+0.77°

42.93+0.78°
45.87+0.85"

46.84+0.84"

44.95+0.60™
A43.76+0.43"
41.32+0.54°
44.91+1.05%

44.91+1.01%

H 43.38+0.70™ 43.62+0.47™ 44.50+0.64™™ 45.98+1.03" 43.85+0.74°

3¢ Means+S.E. in the same column with the different superscript were significantly different.
AB Means*S.E. in the same row with the different superscript were significantly different.
TP<005; TP <001 7P < 0.001

"'A : salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G . mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients

Table 2 CIE Lxzte] W3S vetd Folth AyrS #H7ksk xe 79 CIE Lkol
ANzb A wEld Frbete AES R deks H7EeE A2 B)7F
71 2 WsE el A oh(P<0.05). weEtA, A'S H7EeAl =W AlFe] WA w=rt

Zrhste] AAHow we LRe FE Aow Anud

32
i
Jm
ol
Jo

O
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Table 3. Changes of CIE a* values of beef rib treated with various ingredients’

\I‘iﬁqK 0h 1h™ 4 W 6 h™" 15 h™ 24 B

Control  17.87+059  17.29+0.60" 1655+1.02" 16.40+0.72" 15.69+0.92" 14.53+1.04™

A 17.88+0.75"  17.08+1.07° 16.54+0.87" 1651+0.86" 15.81+0.63"
B™ 16.54+0.46" *P15.34+0.48" P°14.86+0.45™ *P16.00£0.36" “13.65+0.36°
C 17.84+0.60" 16.69£0.56" 16.00£0.64™ 16.66+0.72" 15.07+0.64™
D™ A18.75+0.85% AP17.52+0.62* 18.12+0.44* B€15.80+0.69% ©15.22+0.84™
E 14.46+0.49° 14.25+0.75" 14.37+0.36° 15.26+0.67° 16.40+0.45%
F 29740527 P821+0.41°  ©7.00+0.24° F7.12:0.36" P“7.60+0.30
G 16.04+0.81 16.13x0.71" 1657£0.63" 16.77+059" 17.62+0.73"
H" 210.64+057¢ P883+0.63° P842+051¢ P820+0.62"  "8.29+0.40

abed Neans+S.E. in the same column with the different superscript were significantly different.
ABC Means+S.E. in the same row with the different superscript were significantly different.

T P<005; TP <001 7P <0.001
A : salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G . mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients
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Table 4. Changes of CIE b* values of beef rib treated with various ingredients’

M 0h 1h™ 4 h" 6 h' 15 h 24 h”

Control ~ 593+0.24  555+0.28" 548+0.36™¢ 5724027  556+0.39  5.77+0.53"

552+0.29%  512+048™¢ 539+056™  529+0.40  5.23+0.46>

B %6.55+0.32" "P573+0.25™ AP57140.35" 6.44+0.32  P4.85+0.42°
C 6.11£0.43"  6.32£0.26"° 584027  6.02+0.20  555+0.22"
D 6.42+0.46"  6.13£0.41"  6.29+0.29"°  580+042  5.32+0.33"
E’ $4.94£027™ P475£0.34° AP5244028™ 4585029  46.06+0.26"™
F 495+0.29™ 5524047 497+026™ 557043  6.40+0.36™
G 544047 559023 591+041"  641+0.35  6.49+0.41°
H 4412027°  444+027°  445+0.32°  517+0.40  4.65+0.27°

aPed Means+S.E. in the same column with the different superscript were significantly different.
AB Means+S.E. in the same row with the different superscript were significantly different.

" P<0.05; 7P <001 7P <0001

A : salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G . mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients

Table 4= FAE=E Yeldl= CIE bxgte]l WstE yveld doluh AIZHH A+

W Fo A9 Aolst EhlE AR, A4 F AFE dvisAE ek
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Table 5. Changes of AE values of beef rib treated with various ingredients’

\ﬁme\ 1h 4 h' 6 h" 15 h 24 W™
Control 46.29+0.59"  46.62+0.90° 47.21+057"  46.95+0.90  47.93+0.72"
46.12+0.79"  46.96+1.25" 4862+154"  4880+1.12  50.24+1.28"
B’ 54470£054" P4526:0.64" P4563+0.68" 247741068 *P46.66+0.81™

C 46.3850.90"°  47.28+0.37" 47.07+0.39" 47474055 47.78+0.53"

D 45.89+0.78”  47.17+0.83" 47.10+0.82"° 47.83+0.83  46.68+0.64"

E 45.08+051°  4583+0.65° 4544+0.37° 4598+0.82  44.89+0.59°
F 46.28+1.00" 4650+1.07" 46.42+0.80"  46.78+0.84  46.02+1.04™

G 48.41+0.92°  49.06+0.87° 4897+0.79° 50.19+0.96 48.72+1.06™
H 4492+0.69°  44.75+057°  4553+0.72°  47.04+1.00  44.89+0.73°

a,b,c

Means+S.E. in the same column with the different superscript were significantly different.

AB Means=S.E. in the same row with the different superscript were significantly different.
" P<0.05; " P <001; P <0001

LA ¢ salt, B :

unrefined sugar, C : semi-refined sugar, D :

ground garlic, G : mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients

,41,
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Table 6. Changes of chroma values of beef rib treated with various ingredients'

Me\ 0 h 1h™ 4 0 6 h™ 15 h™ 24 W™

Control  18.83+0.62 1816+0.65" 17.44+1.08" 17.37+0.76 16.66+0.98" 15.65+1.14™

18.72+0.78%"  17.84+1.15* 17.43+0.96™ 17.36+0.91* 16.69+0.70

B™ 217.8040.49" P16.38+0.50™ "15.94+0.46™ *P17.26+0.39" ©14.51+0.46°
C 18.88+0.68" 17.85+0.59" 17.04+0.66™ 17.72+0.72° 16.07+0.64*
D™ 419.83+0.92% *P1858+0.69" *?19.19+0.50" "°16.92+0.77* ©16.12+0.89™
E" P15.20+052¢ P15.03+0.81" P15.31£0.40° *"16.35+0.70" *17.49+0.47*
F 210994045 4%9.99+040° “861+0.25" "°9.09+0.46" *"10.00+0.26"
G 16.95+0.90™ 17.08+0.73" 17.61+0.68" 17.96+0.64° 18.80+0.76
H 1153+0.60°  9.89+0.66°  954+057%  9.78+059°  9.55+0.35"
a,b,c,d

Means+S.E. in the same column with the different superscript were significantly different.

ABC Means+S.E. in the same row with the different superscript were significantly different.

"P<005; P <001 P < 0.001
LA salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G : mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients

Table 6= 449 chroma value® W3t& Yellal Ak 5, AEG = 2o Ak
= UetliE= W5 axst bxE o] &t AFEE Fholth o] o] AERET A9
Wets B & yebd k. 9279 chroma value= Al 7HE Zo| whe} 7HAs)
© Aol FElstAl veut v F5ok VR SHlRE HUEe ARdAE
S7tste 43S BRon, vtes UM AS vuE ATl nle w2 ghe uE

Y Zastes 43S Bt BE AEE EFste H7ke AgaE ¥ chroma
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Table 7. Changes of hue angle of beef rib treated with various ingredients'

Time 0h 1 h™ 4 0™ 6 h™" 15 h™ 24

Control™ 5°18.33+0.41 ©17.76+0.43% %18.29+0.39° °19.20+0.15° ®19.49+0.69° #21.61+0.79°

17170550 15.75+0.95% 17.75¢1.31¢ 17.68+091¢ 18.10%1.16°

B 21.59+0.88  20.48+0.67° 21.03+1.21° 21.87+091° 19.31£1.22°
C 18.81+0.90°  20.73+0.55°  20.11+0.76°  20.02+0.68°  20.32+0.69°
D 1872+0.81°Y  19.19+0.82¢  19.08+0.45° 19.89+0.75°  19.26+0.39°
E 18.82+0.77°  18.29+0.63 19.97+0.86° 21.01£0.70°  20.28+0.74°
F” Bo7.34+2.03" 433.842.72" %35.39+1.68" 437.91+2.04" “40.06+2.29°
G 1850+0.90°  19.16+0.50° 19.56+1.04° 20.86+0.77°  20.28+1.05°
H™ €22.58+1.06" P°26.96x1.13" *P27.87+1.20" 432.59+2.75" 4P29.49+1.99

abed NMeansS.E. in the same column with the different superscript were significantly different.
ABC Means+S.E. in the same row with the different superscript were significantly different.

" P<0.05; P <001 ™ P <0001

LA salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G : mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients
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Table 8. Changes of metmyoglobin (%) of beef rib treated with various

ingredients'
Time 0h 1h™ 4 h 6 h™ 15 h™ 24 h™
Control™ "2652+1.39 *P33.42+0.15" ©8.96+1.95° ©11.40+1.25" "29.45+2.98" *40.06+5.19"
21.19+2.18°  15.04+2.19° 19.41+3.12° 21.21+2.31°  23.53+4.49°
B" P28.19+1.93" P28.35+0.46° P32.02+1.76° P31.94+4.847 “42.04+3.40
C 28.78+1.76"  31.21+1.10° 2859+3.16° 27.89+5.20% 33.88+4.73"¢
D™ $19.10£0.74° 229340697 ©20.02+0.71° P20.35+1.72° #33.37+3.84"¢
E’ Bo7.30+1.90° P26.65+0.90° 233.80+1.43° “30.61+0.47 P30.70+2.49
F P57.40+3.72* 52114549 *P69.48+2.65" P963.70+0.63" "74.80+2.27"
G™ P30.37£1.99" “2856+0.99° ©27.45+0.65¢ *40.54+2.97° "35.08+1.64™
H™ ©52.60+2.37" %62.72+1.30" “52.21+1.97° ~73.07+1.67° *75.83+1.86"

abedel Means+S.E. in the same column with the different superscript were significantly different.

ABCD N eans+S.E. in the same row with the different superscript were significantly different.

" P<0.05; TP <001; 7P <0001
A : salt, B : unrefined sugar, C : semi-refined sugar, D : refined sugar, E : black pepper, F :

ground garlic, G : mixed oil (sesame oil : corn oil = 1 : 1), H : all ingredients
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Figure 9. Spectrum of metmyoglobin
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Figure 10. Spectral changes of reduced myoglobin
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Figure 11. Spectral changes during the reaction of reduced

myoglobin with the ethanol extract of garlic(GE.).
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Figure 112 2<IA1%] myoglobin®} v}& ethanol F&5US H71e & A|7bo| wlE
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Figure 12. Spectral changes during the reaction of reduced
myoglobin  with the distilled water extract of
garlic(GEy).
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Figure 13. Spectral changes during the reaction of reduced myoglobin

with ascorbic acid
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Figure 14. Spectral changes during the reaction of reduced myoglobin

with ascorbic acid and the ethanol extract of garlic

Figure 14+ 3
AlZb 73 ol ek
119 A¥eges <

RS

o

e

2]

¥ myoglobin¥} ascorbate®} vlE

FEE A Ao & whs ethanol FE R u

ascorbate?t2

718 Figure 139

,49,



0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

480 500 520 540 560 580 600 620 640 660 680 700 720

-0.01

MetMb ——0h —---3h -t 6h --—--9h ---—-12h —— 241

Figure 15. Spectral changes during the reaction of reduced myoglobin

with ascorbic acid and the distilled water extract of garlic.
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Figure 16. Spectral changes during the reaction of reduced
myoglobin with the distilled water extract of garlic treated

with ascorbic acid before 1 day.
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Figure 17. Changes of CIE Lx of garlic treated with or without 1% citric

acid
oeasonf_possoes stored at ambient temperature without 1% citric acid
mee e stored at ambient temperature with 1% citric acid
= "A" = giored at 4+1°C without 1% citric acid

> stored at 4£1°C with 1% citric acid
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Figure 18. Changes of CIE a* of garlic treated with or withoutl% citric acid
oossaeq_possoce stored at ambient temperature without 1% citric acid
e stored at ambient temperature with 1% citric acid
- “A” " stored at 4+1C without 1% citric acid
= stored at 4+1C with 1% citric acid
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Figure 19. Changes of CIE b* of garlic treated with or without 1% citric

acid
soooanf Jpesecee tored at ambient temperature without 1% citric acid
e otored at ambient temperature with 1% citric acid
= "A" = gored at 4+1°C without 1% citric acid

. stored at 4£1°C with 1% citric acid
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Figure 20. Changes of AE of garlic treated with or without 1% citric acid

e

stored at ambient temperature without 1% citric acid

L stored at ambient temperature with 19 citric acid

= ~A~ = gtored at 4+1°C without 1% citric acid

> stored at 4£1°C with 1% citric acid
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21. Changes of CIE L% of beef rib with ground garlic treated with

various content of citric acid or corn oil.
—e—Corfrd

~—#@—F  immersed in 0.5% citric acid for 5 min
—&—FE immersed in 0.5% citric acid for 10 min
~—&—_  immersed in 0.5% citric acid for 20 min
= <+ =0 immersed in 1% citric acid for 5 min

= == =E  immersed in 1% citric acid for 10 min
= == = immersed in 1% citric acid for 20 min

=—#=—'3 jmmersed in corn oil
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Figure 22. Changes of CIE a* of beef rib with ground garlic treated with

various content of citric acid or corn oil.

—— ol

@75  immersed in 0.5% citric acid for 5 min
—&—FE immersed in 0.5% citric acid for 10 min
~—&—C  immersed in 0.5% citric acid for 20 min
= <= =0} immersed in 1% citric acid for 5 min

= == =E immersed in 1% citric acid for 10 min
= == =F  immersed in 1% citric acid for 20 min

=#='3 jmmersed in corn oil
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Figure 23. Changes of CIE b* of beef rib with ground garlic treated with

various content of citric acid or corn oil.
+|::|:j'|t|' j
7"~ immersed in 0.5% citric acid for 5 min

~#&——E  immersed in 0.5% citric acid for 10 min
~—#—_  immersed in 0.5% citric acid for 20 min
= i+ =0 immersed in 1% citric acid for 5 min
= == =E immersed in 1% citric acid for 10 min

= == =F immersed in 1% citric acid for 20 min

==#=—'3  jmmersed in corn oil
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Figure 24. Changes of AE of beef rib with ground garlic treated with

various content of citric acid or corn oil.
—e—Cionfrd

~—@—F  immersed in 0.5% citric acid for 5 min
—&—FE immersed in 0.5% citric acid for 10 min
~—&—0C  immersed in 0.5% citric acid for 20 min
= < =0 immersed in 1% citric acid for 5 min

= == =E  immersed in 1% citric acid for 10 min
= == =F immersed in 1% citric acid for 20 min

=—s==I1 immersed in corn oil
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t}. MFI(Myofibrillar Fragmentation Index) value =74

Myofibrillar fragmentation index(MFD)& Hopkins %(2000)2] Wl <]3|
turbidity methods® AAstFGtt. 2 sampled 4939 5L AAI T 052 muscle
sampled] 30m¢ Dbuffer [0.IM KCl, 1ImM EDTA(disodium), 1mM Sodium
Azide(NaN3), 256mM Potassium Phosphate(pH 7.0, 4~5T), 7TmM KH>PO,, 18mM
KoHPO4) & 931 15000rpmell 4] 30%7F homogenization ¥, 30% 41 thA] 30%
&<t homogenization(0C %)% & 1mm® mesh strainers ©]-83+4] connective
tissue® AAS I, 10me] buffer® washingdtAth. o] A& 1,000go0 4 1087F 2°Cel

A centrifugedte] AZ=AE A A T 10ml e buffers 7}l vortexing 3L tH( o]

H}g& 33 ol wbE). AT AS AAS F tAl 10me] buffers ¥ Z 33t
% Sigma Protein Assay Kit(Sigma Diagnostics, USA)S o] &3l ¥+ 2 =43
T AR FEE 05mg/mle T2 343te] 540mmol A spectrometer® =% 3 T}
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Fig. 194 RHEo] AHFdde--2Zuo| A control®] MFI value: 338.03+2.66%
YR A, 7195 ES H7kek KO1(7191 0.1%), K0.3(719 0.3%), KO.5(71$1 0.5%)
= Z47ZF 341434298, 368.31+£10.95, 4051045822 Z|HIEY HIlFo] S/ESE
MFI valueZb <7F8}12.m(P<0.001), 2 g §lo] 7192 2S H7he Aol
= "7t S71E 45 MFI value?b 5718 tH(P<0.001, Fig. 2). ol#gt A=

e

Kiwi fruit Woll gelating E3lsts A8 dwld B & 49 actiniding 8913
Heol A (McDowall, 1970; Baker, 1980)2] ZA 3o} wiz7lx 2 ©d A2 2|9 <
o] EA YA BT AS A3 g9E BT

oL

MFI value

con. K01 K03 K05 P05 P1.0 P3.0 CS0.1 CS0.3 CS0.5
Treatment

Figure 25. MFI value of the low-grade seasoned Hanwoo
ribs with natural tenderizers and quality improvement

substance

KO0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
P<0.001

ZAn e wias ke P05 0.5%), PLOGRE 1.0%), P3.0(# 3.09%)°] MFI

valuex™ ZH7} 338524248, 340.35+6.21, 34891+1.39=% control Xt} EF F2
valueE YERHAAIRHP<0.00D), 71912 ES H7He A Hoks 2 ghe] WA vE
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WohFig. 1. T3 Zujkd glo] miE@e H7kek Az FelAE P59 PLOS
control?} %5 YeERNA ZFAARE P30S 352.95+6930.2 FolAE Holy
(P<0.001) & value®s YWERUNATE A= v de] A9 Sddnox dAsans
A= 1.0% oS H7kstolof &M, 3.0% & 23N o 2 AFaHs} 7
AT ZH] gAY afiEde] Fu7b dHEo] AFgAdol s e Alnd

7.

450 -
400
350
o 300
T 250
o 200
= 150
100
50
0

con. KO.1 K03 KO0.5 P05 P1.0 P3.0 CS0.1 CS0.3 CS0.5

Treatment

Figure 26. MFI value of the low—grade Hanwoo ribs with
natural tenderizers and quality improvement substance
KO0.1:0.1%6 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.19% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
P<0.001

Zn|gda FANAAE H7He CS0.1(Polymix-CS 0.1%), CS0.3(Polymix-CS
0.3%), CS0.5(Polymix-CS 0.5%)e] MFI value® ZF7Z 344.44+5.39, 349.77+7.15,
349.46+3.64= control2t+ =2 values YERUIY oW, CS0.37 CS05% Bl
& YElATFig. 1. 2Rl glol FHAMAAE Aedls 4ol control¥t

=

P<O.001 e fold AolE welm L valieR UEem CS059 44

364.94:570.% 7HE =2 valueE B At A= CS9 AF 03% & ol 7t
Al ASEIE e Ae® Vg, O o] BoldaE duddel HE of

2% el dFgow JYnrEe] AgEIE gl Aow Azt
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WHC(water—holding capacit
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con. KO.1 KO0.3 K05 P05 P1.0 P3.0 CS0.1 CS0.3 CS0.5
Treatment

Figure 27. Water-holding capacity(WHC) of the low-grade
seasoned Hanwoo ribs added to natural tenderizers and
quality improvement substance

K0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
P<0.001

RS H7Ee P05, P10, P3.09 ®H4¥ Al Zb7) 1.8140.24, 1.57+0.11, 1.49

+0.262. %2 control® Ut} w& HFEHS o1 (P<0.001), HWiEES H7Fgk MFI
valueol Al WFERSEST o] M2 9] proteased] o] $F ZAnH]o] AstE H o] st A
o7 F5H4H

vbE E AN AE "I CS0.1, CS0.3, CS059 Ha4Ee bzt 1.88+0.22, 1.96+

0.12, 1.98+0.05= H7}#o] ZF71&4+E P<0.0019 fFolxt= Holw HEFHo] F713}

2t} o]23 A3+= Hargen 5(1980), Trout and Schmidt(1984) 52 Aol A <
.

BH7bE el o] Hag i ® S Gt lvhe Baek dAs)

2 A3 Drip loss 574 A& Fig. 40 2 =2 et 449 4
7769 =A3S A4, Control® drip losst 5.31, K12 542, 5.92,
7765 242 YEdidth 719 EEe] HbEel S 5 drip losse] ¥= SUHE
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sample¥} vlz7FA 2 HUbFo] FUME & drip losse] 4% FUFsES TR WA F

rlo
rlr

,67,



AN AAE H7Ee CS1, CS3, CS59] drip lossv ZH2F 520, 4.61, 44302 FH7h=Fo]

Z7}44 2 drip loss® 4TS 29t

Con. KO.1 K03 K05 P05 P1.0 P3.0 CS0.1 CS0.3 CS0.5
Treatment

Figure 28. Drip loss of the low-grade seasoned Hanwoo
ribs with natural tenderizers and quality improvement
substance

K0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS

t}. Meat Color

B A9 meat colors L'-value, a'-value, b*-valueE 7z} g +¥ =AHsA o
W Table 12 ZW| @3 HAAZA L FANAAE #7F3F meat colorE, Table
2v ZAndd §lol dAdsiAl 2 EFAMAAE 7S meat colorgs ZH2F YERS]
=3
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Table 9. Meat color of the low-grade seasoned Hanwoo

ribs with natural tenderizers and quality improvement
substance
L*-valuex*x a"—value**x b*-valuexx*
Control 37.83+1.44" 10.25+1.03% 6.67+0.68"
KO0.1 39.57+0.95" 10.95+0.37 8.29+0.81°
KO0.3 36.41+0.81" 11.31+0.52* 8.02+0.87°
KO0.5 33.11+2.53¢ 9.29+0.16° 6.43+1.32"
P0.5 37.35+0.86" 11.72+0.63™ 5.76+0.44"
P1.0 37.40+1.40°" 12.11+0.36" 5.96+0.29"
P3.0 37.81+0.93" 10.02+0.45% 5.92+0.11°
CS0.1 36.60+0.70™ 10.06+0.51% 6.65+0.31"
CS0.3 35.57+1.06™ 10.61+0.59™ 6.46+0.42"
CS0.5 34.51+0.60° 10.90+0.35" 6.67+0.51"

a, b, ¢, d e MeansxSD with different superscript in the column differ

significantly (x** : P<0.001, ** : P<0.01)

KO0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS

& 719E T 0.1~0.3%9
7} controlel] H] 3l

a-valued A%< w2t g znule b-value? 9= K017 K0.39) A$7F th

L -value:=

A7h wE

33.11£2.53~39.57+0.95&
T AR gE Belom) 719E T 0.3% o] HI7MA9E CSe
TE A FolA control Bt} v L'-valueE 29 tHP<0.001). T3 controlol H|
i 05~1.09 H7F FFElA e a -value

E #s BIAA(P<0.001), CS+= 03~05¢ #H7F FEddA

LER e,

2 Ag 39 vuste] P<00l o2 %8 S Yedilti(Table 1).
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Table 10. MFI value of the low-grade Hanwoo ribs with
natural tenderizers and quality improvement substance

L*-value* a"-value*x b -value*x
Control 36.18+1.31° 18.03+0.46° 6.13+0.16™
KO0.1 35.57+1.25 19.65+0.53™ 791+1.12°
K0.3 32.54+1.15" 18.25+0.37° 4.39+0.28"
K0.5 35.48+0.51* 19.50+0.43™™ 7.36+0.69™
P0.5 36.65+1.32° 19.54+0.26"™ 5.65+0.58%
P1.0 34.71+2.52% 18.71+1.25° 6.11+0.80"
P3.0 35.10+0.95" 20.58+0.34%" 5.79+0.28™¢
CS0.1 36.25+1.87° 18.96+1.51™ 7.26+1.27"
CS0.3 32.59+0.63" 18.90+1.44° 5.46+1.53
CS0.5 35.44+0.42° 21.05+0.86" 6.67+0.14°™
a, b, ¢, d Means*SD with different superscript in the column differ

significantly(* : P<0.01, * : P<0.05)

KO0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder

P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder

CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
Zujkd s slx @& A Li-valuex= KO0.3, P10, CS0.39 Al A8+ EF &
A TEY vBaste] P<0.05 R e FS JUelth a-value: Table 29

=2 s veEddlen, 1 F K01, K05 P0.5,

—r

A HZo] controle]l HE X
P3.0, CS0.1, CS0.5 ATl s P<00l 59 935 Holy L a'-values
Btk b-values= =1 ool gl ot Hrbeke] ALl b-valued #WHE =LA

gl Aoz AlsdEn.
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14 ¢

a*—value

con. KO0.1 KO0.3 KO0.5 P05 P1.0 P3.0 CS0.1 CS0.3CS0.5
Treatment

Figure 29. a"-value of the low-grade seasoned Hanwoo
ribs with natural tenderizers and quality improvement
substance

KO0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder
CS0.1:0.19% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
P<0.001
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A @i AAdstAl 2 FANAAE HFE Ao HEEAREY 2AdE iR

gl zZn|o] W5 AALAAE Table 3004 BHEHY  7Zo]  Aroma, Flavor,
Off-flavor, Color &% 7} A {Foas& yetdlA ke, oy st A=
A7 e e Aujdddo]l Addow 7193, wiEe B FEAMAARG A HsH
AL A 9ol AHYE zpolrt giddd Ae=® ®elth wbH Juiciness,
Tenderness, Acceptabilityoll 4= Z+ZF P<0.01, P<0.001, P<0.001¢] =& HolH
A zelE WERIIY Juiciness®] 4§ K0.33% CS057F Z42f 7.60+1.149)
7.40%0.55%] =2 F(P<0.01)E YEFHAIL, Tenderness® 745, 719 H7HA 6.80+
1.10~820£0.459] S Z control?] 6.20£0.84HtF ¥ S YU ew, mjE
& 30% H7MA, CSE 05% H7HA A=7b =7 B7E Ak Acceptability ol A =
K0.30] 820+0.45%2 7% =ka, P3.03 CS057F Z+Z 7.60+0.55%F 7.20+0.84%2 =
< & HERAATHEP<0.001).
1Al ke Ao #eHAARAE Aroma(P<0.01), Flavor(P<0.01),
Tenderness(P<0.001), Acceptability(P<0.01) 3%o] o312 yEliA=d, Aroma

¢} Flavor &5 ¢Fd H7EA FoAE Holx FUd Fxow Adujd A2

J{m

v od g

il
ol

AAAstAl 2 FZAMAAZE AAAJA o] FFES v AR Helrh Tenderness
°of A9 719E% H e BT Ay o] F/ESE e s vEhdden, CS
= 05 oA M =2 #FS eI SRR Acceptability = K057F 713 vt
< #(.00£1.000& EAaL, o= HukdstE sl Azte] "ol Ao AR HMY,
K0.30] 7.40+0.559 o=z A3t Feoz #SFHJ(Fig. 6). T3 CS0.LHE
800+141%2 7H¢ #& s Jetldsd, o2l Adxes AAu o] 544 QA4
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Acceptability*** Flavor

Tenderness*x*x* Off-flavor

Juiciness ** Color

—0O—con. —-A--K0.1 ---&---KO.3 —m— KO0.5

Figure 30. Descriptive analysis with scaling of

low—-grade seasoned Hanwoo ribs with Kiwi powder
(xxx 0 P<0.001, =* : P<0.01)

the

KO0.1:0.196 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
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Table 11. Descriptive analysis with scaling of the low-grade seasoned Hanwoo ribs with n

tenderizers and quality improvement substance

Aroma Flavor Off-flavor Color Juiciness**

Tenderness**x*

Control | 6.40£0.89  6.40+1.14  1.00+0.00  6.40+0.55 6.60+0.55"
K0.1 6.60+0.89  6.20+1.79  1.00:0.00  6.40+0.55 6.60+0.89"
K0.3 660+1.41  600+1.00  1.00+0.00  6.40+0.55 760+1.14%
K0.5 580130  640£1.67  1.00+0.00  6.00+0.71 6.40+0.55"¢
P0.5 5604089  560+1.14  1.00:0.00  5.60+0.55 6.00+1.22°
P1.0 520+1.30  6.00+1.41  1.00+0.00  6.00+0.71 6.80£0.45"
P3.0 560+1.14  640+0.89  1.00:0.00  6.40+0.55 6.20+1.10

CS0.1 | 4.80+1.64  540+152  1.00+0.00  5.80+0.45 5.40+0.55°
CS0.3 | 580+1.64  640:089  1.00+0.00  6.20+0.45 6.800.84°
CS0.5 | 560+014  580+045  1.00+0.00  5.80+0.45 7.40+0.55"

6.20+0.84¢
6.80£1.10™¢
8.200.45"

7.60+0.89"
7.80£0.84%
5.80+0.84%
6.40+0.55%
5.00+1.22¢

6.00+1.00%
7.40+0.55"

a, b, ¢, d, e Means+tSD with different superscript in the column differ significantly (s
Means=SD : 1-3(slight), 4-6(moderate), 7-9(extreme)

KO0.1:0.1%6 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder
P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder

CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS

,74,

1 P<0.001, =+ @ P<0.01, = @ P<0.05



Table 12. Descriptive analysis with scaling of the low-grade Hanwoo ribs with
tenderizers and quality improvement substance

Aromax** Flavor=* Off-flavor Color Juiciness Tenderness#**x*
Control 5.80+0.84" 6.20+1.30"™ 1.00+0.00  5.00+1.22 5.40+0.89 5.20+0.45%
KO0.1 6.00+0.71*" 6.00+0.71" 1.20+0.45 540+1.14  6.40+0.90 6.20+1.30%
K0.3 6.00+0.00™ 6.00+1.00 1.00+0.00  540+0.89  6.00+1.41 6.60+1.14>
K0.5 5.40+0.89™ 5.60+0.55™ 1.20£0.45  5.20+0.84 7.20+1.64 8.20+0.84°
P0.5 5.40+0.55™ 5.60+0.55™ 1.20£0.45  540+0.89  5.00+1.22 4.60+1.14°
P1.0 4.80+0.45™ 5.20+0.84° 1204045 580+0.84  5.60+0.89 5.80+1.30°
P3.0 5.40+0.55™ 5.80+0.84" 1.40+055  5.40+0.55 6.20+1.10 7.00+0.84%"
CS0.1 5.40+0.55™ 6.20+0.45> 1404055 5.80+0.84  6.60+1.14 6.20+0.84°
CS0.3 5.60+0.89™ 6.40+0.89" 1.00£0.00 520+0.84  5.60+2.07 5.80+1.30°
CS0.5 6.80+0.45° 7.60+0.55° 1.20+0.45  6.20+0.84  7.40+0.55 7.80+0.45™

a, b, ¢, d, e MeanstSD with different superscript in the column differ significantly (+#* : P<0.001, ** : P<0.01)
Means+SD : 1-3(slight), 4-6(moderate), 7-9(extreme)

KO0.1:0.1%6 Kiwi fruit powder, K0.3:0.3% Kiwi fruit powder, K0.5:0.5% Kiwi powder

P0.5:0.5% Pear powder, P1.0:1.0% Pear powder, P3.0:3.0% Pear powder

CS0.1:0.1% Polymix-CS, CS0.3:0.3% Polymix-CS, CS0.5:0.5% Polymix-CS
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Figure 31. Contour plot of MFI(Myofibrillar Fragmentation Index) of beef rib as
affected by kiwi and phosphate
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Figure 32. Contour plot of WHC(water-holding capacity) of beef rib as affected

by kiwi and phosphate
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Figure 33. Contour plot of L-value of beef rib as affected by kiwi and phosphate
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Figure 34. Contour plot of a-value of beef rib as affected by kiwi and phosphate
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Figure 35. Contour plot of b-value of beef rib as affected by kiwi and phosphate
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Figure 36. Contour plot of Aroma of beef rib as affected by kiwi and phosphate
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Figure 37. Contour plot of Flavor of beef rib as affected by kiwi and phosphate
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Figure 38. Contour plot of Color of beef rib as affected by kiwi and phosphate
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Figure 39. Contour plot of Juiciness of beef rib as affected by kiwi and
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6). Acceptability
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Figure 43. Contour plot of pH of beef rib as affected by kiwi and phosphate
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